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Abstract- In this study, changes in the capacitance of MOV-
based arresters resulting from thermal stresses are analysed. 
Low-voltage MOV samples are artificially degraded at 
different thermal stresses, while the simultaneously applied ac 
field was kept constant. Prior to ANOVA being applied, the 
change in capacitance measured at room temperature, before 
and after degradation process, is tested for compliance with 
normality using Anderson-Darling test. Results show 
significant reduction in capacitance after electro-thermal 
degradation.  
Keywords-Metal Oxide varistors; thermal stresses; degradation; 
capacitance; analysis of varience. 
I.  INTRODUCTION  
 
Metal Oxide varistor (MOV) arresters are popular choice for 
surge protection in power systems and electronic circuits [1] 
– [4].  However, these overvoltage protection units often 
experience degradation and eventually failure as a result of 
several combinations of factors such as: operating voltage, 
temperature, moisture and high magnitude surge currents [5] 
– [8]. The degradation phenomenon severely affects the 
dielectric property or the capacitance of MOV-based surge 
arresters [7, 9]. This translates into high leakage current 
conduction and therefore poor voltage-current (V-I) 
characteristic. In this study, the capacitance of MOV samples 
is measured at room temperature, before and after 
artificially- induced thermal stresses. The change in 
capacitance observed per thermal stress applied is tested for 
fitness to normal distribution using Anderson – Darling 
normality test. Using analysis of variance (ANOVA), change 
in capacitance obtained is significant to infer degradation 
condition of MOVs.  
 
II. METHODOLOGY 
 
For the purpose of this study, 60 commercially-sourced low-
voltage varistor samples of 20 mm diameter were used. 
Electro-thermally induced or artificial degradation test was 
performed on these MOV samples in accordance to the 
IEEE standards C62.34 and C62.11 TM [10]-[11]. Varistor 
capacitance was measured using LCR meter. 
  
A. Accelerated Electro-thermal ageing test 
 
To implement this test, 50 Hz variable AC voltage source 
and a heat chamber are used to supply electrical and thermal 
stresses, respectively. The heat chamber used was a 
Naberthem P 330 model, with 9 resettable heating courses 
[12]. Each test run accommodated 5 varistor samples 
connected across terminal blocks. High temperature 
conductors were used to connect 50 Hz variable AC voltage 
source and varistors inside the chamber via 250 V, 100 mA 
protective slow-blow fuses. A voltage level corresponding of 
0.85𝑉1𝑚𝐴𝑎𝑐 (reference voltage) is used as the magnitude of 
applied voltage stress [13].  Four processing test 
temperatures: 60℃  , 85℃ , 110℃  and 135℃  were used for 
this ageing test for a period of 48 hours. The timer-unit is 
used to synchronise AC voltage source with a heat chamber.  
The 2-channel TDS 1001B Tektronix digital scope is also 
used to monitor the applied voltage waveform. The test set 
up is shown of figure 1 below. 
B. Measuring of MOV Capacitance 
 
Capacitance of the samples was measured using LCR meter 
(MT 957) set at 1 kHz frequency. This measurement did not 
require any external bias circuit and was performed at room 
temperature. 
 
 
Fig. 1. Test set up 
2 
 
C. ANOVA –based Statistical Test 
 
ANOVA is usually applied to quantitatively evaluate the 
significance of a parameter after several observations, 
thereby validating or rejecting a hypothesis [14]. Therefore, 
this validation or rejection is based on statistic test. The 
following hypotheses are thus formulated: 
 
1. Null Hypothesis: The mean capacitance of tested 
MOV samples at the highest thermal stress must be the 
highest: 
𝜇𝑍 > 𝜇𝑌 > 𝜇𝑋 > 𝜇𝐾
µ𝑍 − µ𝑌 > 0𝜇𝑌 − 𝜇𝑋 > 0𝜇𝑋 − 𝜇𝐾 > 0
 
2. Alternative Hypothesis: The mean capacitance of tested 
MOV samples at the highest thermal stress must be the 
lowest: 
 
𝜇𝑍 < 𝜇𝑌 < 𝜇𝑋 < 𝜇𝐾
𝜇𝑍 − 𝜇𝑌 < 0𝜇𝑌 − 𝜇𝑋 < 0𝜇𝑋 − 𝜇𝐾 < 0
3. Statistical test: null hypothesis is rejected if: 
 
𝐹𝑐𝑟𝑖𝑡 < 𝐹𝑟𝑎𝑡𝑖𝑜
Since ANOVA assumes normally distributed data, the 
Anderson-Darling normality test is applied to verify this 
condition. Therefore the following fundamental statements 
are used: 
 
1. 𝐻0 = data is sampled from normally distributed 
population: 
 𝑙𝑎𝑟𝑔𝑒 𝑃 > 𝛼 = 0.05 
2. 𝐻𝑎 = data is sampled non normally distributed 
population: 
𝑙𝑎𝑟𝑔𝑒 𝑃 < 𝛼 = 0.05 
 
The following equations are used for this test: 
 
AD = −𝑁 −
2𝑖−1
𝑁
(ln(𝐹(𝑦𝑖)) + 𝐼𝑛 (1 − 𝐹(𝑦𝑁+1−𝑖)))
Where: 
 
AD : is the Anderson-Darling statistic function. 
N    : is the sample size. 
F     : is the cumulative distribution function. 
𝑦𝑖     : is the ordered data. 
 
𝐴𝐷∗ = 𝐴𝐷(1 +
0.75
𝑁
+
2.25
𝑁2
) 
Where: 
AD*: is the adjusted Anderson-Darling function. 
P-value deduced is dependent on the AD* value obtained 
[15]. In this test the equations used are as follows: 
 
𝑃 = exp ( 0.9177 − 4.279(𝐴𝐷∗ ) − 1.38(𝐴𝐷∗  )2)
 
Where:  
 
 P: is the probability (0.34<AD*< 0.6). 
 
The ANOVA test procedure [14], such as applied to the 
experiment conducted in this study is indicated in Table 
1.  
 
Table I 
ANOVA SUMMARY TABLE 
 
Source of 
variance 
Sum of 
Square 
Degree 
of 
freedom 
Mean Square 
(variance) 
𝑭𝒓𝒂𝒕𝒊𝒐 
Among 
groups 
SSA 𝑐 − 1 𝑀𝑆𝐴 
F =
𝑀𝑆𝐴
𝑀𝑆𝑊
 
Within 
groups 
SSW 𝑛 − 𝑐 𝑀𝑆𝑊 - 
Total 𝑆𝑆𝑇𝑜𝑡𝑎𝑙 𝑛 − 1 - - 
 
The terms expressed in table 1 are defined in terms of the 
following equations 
                    SSA = ∑ . 𝑛𝑗(𝑋?̅?  −  ?̅?)
2𝑐
𝑗=1
 
Where: 
SSA : is the sum of squares among the groups. 
c       : is the number of groups. 
𝑛𝑗     : is the sample size from group j. 
𝑋𝑗̅̅ ̅    : is the sample mean from group j. 
 ?̅?   : is the grand mean (mean for all data) 
                SSW = 

c
j 1
∑ . 𝑛𝑗(𝑋𝑖𝑗̅̅ ̅̅ − ?̅?)
2𝑐
𝑗=1
 
Where:  
SSW: is the sum of squares within the groups. 
𝑋𝑖𝑗̅̅ ̅̅   : is the 𝑖
𝑡ℎ observation in group j 
                          MSW =
𝑀𝑆𝐴
𝑐−1
  
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Where:  
MSW   :  is the mean square within the groups. 
MSA    : is the mean of square among the groups. 
 
III. RESULTS AND DISCUSSION 
The summary of Anderson-Darling normality test is given 
in table 2 and figure 2, 3, 4 and 5. The probability (large p) 
was calculated for the samples under each temperature. It is 
observed that under all test conditions the large p value is 
greater than alpha (α=0.05), therefore the capacitances 
measured form a normal distribution. 
 
Table II 
Normality test 
 
ZnO 
samples 
AD AD* P-value P>α=0.05? 
135℃ 0.3296 0.3493 0.4744 yes 
 110℃ 0.4462 0.4729 0.2429 yes 
      85℃ 0.4237 0.4491 0.2773 yes 
60℃ 0.4575 0.4849 0.2772 yes 
 
A. Trends of Capacitance Obtained 
Capacitance change between initial values (before ageing) 
and post-ageing condition, at observed thermal stresses, are 
indicated in figures: 6, 7, 8 and 9. It could be observed that 
increasing thermal stress could translate into further decrease 
of MOV capacitance. However, it could also be observed 
that no significant change in capacitance that was recorded 
between 85 °C and 110 °C. This could have not been 
observed should high number of samples be used. 
 
 
 
Fig. 2. Normal probability plot at 60 ℃ 
 
 
 
Fig. 3. Normal probability plot at 85  ℃ 
 
 
 
Fig. 4. Normal probability plot at 110 ℃ 
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Fig. 5. Normal probability plot at 135 ℃ 
 
 
 
Fig. 6. Capacitance change at 60℃ 
 
 
Fig. 7. Capacitance change at 85℃ 
B. ANOVA RESULTS 
 
The results showed the statistical test 𝐹𝑟𝑎𝑡𝑖𝑜= 6.318 which is 
greater than critical value ( 𝐹𝐶𝑟𝑖𝑡 = 2.7581). The calculated 
p- value is 0.0086 which is also less than α= 0.05. From the 
results obtained the null hypothesis is therefore rejected. 
The alternative hypothesis approval indicates that the 
thermal stresses treatment has a low significant effect. These 
results are shown in table 3. 
 
 
 
Fig. 8. Capacitance change at 110 ℃ 
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Fig. 9. Capacitance change at 135 ℃ 
 
Table III 
ANOVA TEST RESULTS 
 
Variance  Sum of 
Square 
df Mean 
Square 
𝑭𝒓𝒂𝒕𝒊𝒐 
Among 674.05 3 224.683 6.318 
Within 1991.6 56 35.564    - 
Total 2665.65 59     -    - 
 
 
IV. CONCLUSION 
In this paper, ANOVA statistical test is performed to 
analyse the effect of electro-thermal stresses on the 
capacitance of MOV varistor. Therefore, the degradation 
condition of MOV devices, resulting from electrical and 
thermal stresses, can actually be assessed in terms of 
changes.  
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